Hemodynamic protocol 158
On the same day, MAP and CO were determined during a separate breath-159 hold using the same number of GPI as in the MR study since the 160 photoplethysmography equipment used in this protocol was ferromagnetic and 161 hence measurements were not possible inside the MRI scanner. Blood pressure 162 was obtained before each protocol, a three-lead ECG was recorded, and beat-to-163 beat blood pressure determined by finger photoplethysmography (Finapres 164 NOVA, Finapres Medical Systems © , Amsterdam, The Netherlands). The systolic 165 and diastolic pressures obtained by photoplethysmography were gauged using 166 the mercury sphygmomanometer to brachial arterial pressure. Heart rate (HR) 167 was obtained from the ECG. A belt around the chest at the level of xiphoid process 168 coupled to a differential pressure transducer monitored thoracic movements. The 169 divers were instructed to perform 2-3 preparatory breath-holds to prolong the 170 easy-going phase of breath-hold and then to attain moderate GPI on top of TLC. 171
After recovery, the subjects performed the expiratory breath-hold period. 172
173

Image analysis and calculations 174
MR images were analyzed with dedicated software (CVI42 © version 4.0.1, Circle 175 Cardiovascular Imaging Inc., Calgary, Alberta, Canada). LV and right ventricular 176 (RV) volumes were determined at end-diastole and end-systole from the cardiac 177 short axis cine images using semi-automated endocardial contour detection with 178 papillary muscles included in the myocardium. The volume of each slice wascalculated as the luminal area times the slice thickness and the sum of slices 180 obtained ventricular volumes. Stroke volume (SV) was end-diastolic volume 181 (EDV) minus end-systolic volume (ESV). Ventricular ejection fraction (EF) was SV 182 divided by EDV and CO was SV times the average HR during acquisition. Cardiac 183 index (CI) was CO divided by body surface area, and left (LA) and right (RA) atrial 184 maximal and minimal volumes were determined from the short axis cine images. 185
Systemic vascular resistance (SVR) was MAP divided by LVCO. 186 Organ perfusion was determined from gadolinium perfusion images by 187 plotting signal intensity (SI) from regions of interest (ROI) by following the SI 188 over time (s -1 ). Organ perfusion was expressed from the SI slope as maximal slope 189 and its index to the LV blood pool, respectively (1, 24, 33, 34, 40 
RESULTS
207
During TLC+GPI, the subjects held their breath for at least 3:30 min without 208 involuntary breathing (easy going phase), whereas during expiratory breath-hold 209 they held their breath for only 1 min and 45 sec. Fig. 1 In comparison with rest, total lung volume increased by 5.2±1.5 L (P<0.001, Table  222 2 and Fig. 2 ). Spleen and liver volumes decreased by 46±39 and 210±160 mL 223 (both P<0.05), respectively and also the inferior caval vein diameter decreased 224 (4±3 mm; P<0.05). HR tended to increase (rest 67±10; TLC+GPI 86±20 bpm; 225 P=0.052). LV and RV volumes were reduced to the same extent (p<0.05; Table 2  226 and Fig. 3 ) resulting in a decrease in LVSV by 54±20 mL and in CO by 3.0±1.5 L 227 min -1 (both P<0.01) that was similar to the decrease in RVSV and RV CO. DuringGPI performed outside the MR scanner, CO also decreased (1.7±1.4 L min -1 , 229 p<0.001, RAmin decreased by 91±27 and 47±19 mL, respectively (both P<0.001 vs. LA, Table  233 2 and Fig. 3 ). MAP remained unchanged and hence SVR increased by 10±5 mmHg 234 min L -1 (P<0.01). Thus, the MAP-HR product increased (from 6100±974 mmHg 235 min -1 to 8424±2510 mmHg min -1 at TLC+GPI; P<0.05). 236
Pulmonary, skeletal muscle, kidney and, as assessed in one diver, spleen 237 per-fusion decreased, while liver perfusion remained unchanged (Table 3 and In these situations a decrease in the central blood volume of approximately 30% 280 (28) is followed by reduced muscle sympathetic nerve activity with a concomitant 281 decrease in MAP and SVR (4) although that is not without exceptions (14) . 282
Reduced muscle sympathetic nerve activity in response to central hypovolemia is 283 suggested to be triggered by activation of myocardial mechanoreceptors (a 284
Bezold-Jarisch-like reflex) (30), but during GPI, here with an approximately 45% 285 reduction in right and left ventricular volume, blood pressure was maintained, 286 perhaps because sympathetic activity induced by pulmonary compression and 287 changes in arterial content of oxygen and carbon dioxide override 288 mechanoreceptor inhibition (7, 43) . 289
Pulmonary hyperinflation increases thoracic pressure and to a lesser 290 extent the abdominal cavity pressure, relative to atmospheric pressure, while 291 other parts of the peripheral circulation remain at atmospheric pressure. 292 Therefore, as most of the systemic circulation is under lower pressure than the 293 left ventricle, LV afterload decreases (22, 36). The MAP-HR product and hence 294 myocardial oxygen demand increase, but with unchanged MAP and an increase in 295 intra-thoracic pressure (8), LV afterload is considered to decrease during GPI (6). 296
May be therefore, myocardial perfusion decreased. Also increased sympathetic 297 activity may be important. Thus, during a cold pressor test sympathetic activity 298 reduces coronary artery perfusion (29) and sympathetic activity is elevated 299 during the easy-going phase of breath-hold (19). 300
Furthermore, the direct effect of increased intra-thoracic pressure on 301 coronary vessels and myocardial perfusion could affect myocardial perfusionduring GPI. Reduced myocardial perfusion during breath-hold manifested despite 303 changes increase arterial carbon dioxide tension and the decrease in CO is 304 important in that regard (38) . Despite an unchanged MAP, all perfusions but the 305 hepatic perfusion decreased probably as a result of high sympathetic activity (19). 306
Lung perfusion was assessed as total perfusion and we cannot comment on 307 possible regional differences in pulmonary perfusion during GPI as indicated by 308 SPECT analysis (41). 309 GPI increases intrathoracic pressure and thereby increases the pressure on 310 all structures within that compartment, hence increasing right atrial pressure and 311 decreasing transmural LV systolic pressure. These changes reduce the pressure 312 gradients for venous return and increases LV ejection decreasing central blood 313 volume and leading to peripheral pooling of blood. Guyton described venous 314 return at various right atrial pressures (17). The driving pressure for right atrial 315 filling is decreased during GPI as intrathoracic pressure increases, even though 316 abdominal pressure also increases (8). Likely, the intra-thoracic pressure has an 317 effect on the thin-walled atria rather than on the thick-walled ventricles. Further, 318
RA decreases more than any of the other cardiac chambers. We believe that this is 319 due to pooling of blood that affects RA before any of the other chambers and 320 collapses the thin-walled atrium. With a small difference between RAmax and 321 RAmin, during low CO, RA acts mostly as a conduit chamber (15). Thus, with 322 increases in intrathoracic pressure the transmural pressure of both RV and LV is 323 unchanged. With the unchanged MAP, the LV ejection pressure decreases and 324 hence myocardial oxygen consumption. 325
During GPI splenic artery flow is unchanged as determined by ultrasound 326 (3, 32) supporting a stable liver perfusion and yet we recorded a decrease inspleen blood flow for one diver. A hepatic artery buffer response, i.e. increasing 328 hepatic arterial flow when portal flow decreases may be important in regard to 329 maintain liver blood flow and is considered to play a role in maintaining hepatic 330 oxygen supply during hemorrhage (25, 39, 42) . Thus, during occlusion of the 331 mesenteric artery, the hepatic artery buffer response capacity compensates 25% 332 of the reduction in portal flow (2, 20) and in cardiac tamponade, hepatic arterial 333 flow increases despite the decrease in CO and portal flow (21). Yet, the hepatic 334 volume decreased probably attributable to low splanchnic perfusion and hence 335 portal flow. We speculate that with reduced central blood volume and reduction 336 in abdominal organ volume, blood is accumulated in the extremities but that 337 needs to be evaluated. 338
In conclusion, pulmonary hyperinflation performed by moderate 339 glossopharyngeal insufflation results in compression of the pulmonary circulation 340 and lowered cardiac filling and output and systemic vascular resistance increases 341 with reduction in skeletal muscle, kidney, and myocardial perfusion, while liver 342 perfusion is maintained. The results suggest that liver perfusion is prioritized 343 when cardiac output becomes low during breath-hold supported by 344 glossopharyngeal insufflation. 345
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